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B ACKGROUND OF THE INVENTION 

Field of the Invention 

[0010] The present invention relates generally to the down-conversion and up- 

conversion of an electromagnetic signal using a universal frequency 
translation module. 

Related Art 

[001 1] Various conmiunication components exist for performing frequency 

down-conversion, frequency up-conversion, and filtering. Also, schemes exist 
for signal reception in the face of potential jamming signals. 

SUMMARY OF THE INVENTION 

[0012] Briefly stated, the present invention is directed to a system, method, 

and computer program product for automatically exchanging objects in a 
wireless mobile environment. The invention operates by transmitting a 
request for objects to a source, receiving at least some of the requested objects 
from the source, and processing the received objects. 

[0013] Preferably, the invention uses a frequency down-conversion module 

that comprises a switch, a capacitor coupled to the switch, and a pulse 
generator coupled to the switch. The pulse generator outputs pulses to the 
switch, where the pulses have apertures and cause the switch to close and sub- 
sample a carrier signal over the apertures. Energy is transferred from the 
carrier signal and stored using the capacitor during the apertures of the pulses, 
and a lower frequency signal is generated from the transferred energy. 

[0014] Preferably, the invention also uses a frequency up-conversion module. 

[0015] Further features and advantages of the invention, as well as the 

structure and operation of various embodiments of the invention, are described 
in detail below with reference to the accompanying drawings. In the 



Ref.No.: 1744.1430001 



-3- 



drawings, like reference numbers generally indicate identical, functionally 
similar, and/or stmcturally similar elements. The drawing in which an 
element first appears is generally indicated by the lefl-most digit(s) in the 
corresponding reference number. 

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0016] The invention shall be described with reference to the accompan3ang 

figures, wherein: 

[0017] FIG. lA is a block diagram of a universal frequency translation (UFT) 

module according to an embodiment of the invention. 
[0018] FIG. IB is a more detailed diagram of a universal frequency translation 

(UFT) module according to an embodiment of the invention. 
[0019] FIG. IC illustrates a UFT module used in a universal frequency down- 

conversion (UFD) module according to an embodiment of the invention. 
[0020] FIG. ID illustrates a UFT module used in a universal frequency up- 

conversion (UFU) module according to an embodiment of the invention. 
[0021] FIG. 2 is a block diagram of a imiversal frequency translation (UFT) 

module according to an altemative embodiment of the invention. 
[0022] FIGs. 3A and 3G are example aUasing modules according to 

embodiments of the invention. 
[0023] FIGs. 3B-3F are example waveforms used to describe the operation of 

the ahasing modules of FIGs. 3 A and 3G. 
[0024] FIG. 3H is a flowchart depicting the operation of an energy transfer 

downconverter according to an embodiment of the invention. 
[0025] FIG. 4 illustrates an energy transfer system with an optional energy 

transfer signal module according to an embodiment of the invention. 
[0026] FIG. 5 illustrates an example aperture generator. 

[0027] FIG. 6A illustrates an example aperture generator. 

[0028] FIG. 6B illustrates an oscillator according to an embodiment of the 

present invention. 
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[0029] FIGs. 7A-B illustrate example aperture generators. 

[0030] FIG. 8 illustrates an aliasing module with input and output impedance 

match according to an embodiment of the invention. 
[0031] FIG. 9 illustrates an example energy transfer module with a switch 

module and a reactive storage module according to an embodiment of the 

invention. 

[0032] FIG. 10 is a block diagram of a universal frequency up-conversion 

(UFU) module according to an embodiment of the invention. 

[0033] FIG. 11 is a more detailed diagram of a universal frequency up- 

conversion (UFU) module according to an embodiment of the invention. 

[0034] FIG. 12 is a block diagram of a universal frequency up-conversion 

(UFU) module according to an alternative embodiment of the invention. 

[0035] FIGs. 13A-13I illustrate example waveforms used to describe the 

operation of the UFU module. 

[0036] FIG. 14 illustrates a unified down-converting and filtering (UDF) 

module according to an embodiment of the invention. 

[0037] FIG. 15 illustrates an exemplary I/Q modulation embodiment of a 

receiver according to the invention. 

[0038] FIGs. 16-17 illustrate exemplary block diagrams of a transmitter 

operating in an I/Q modulation mode, according to embodiments of the 
invention. 

[0039] FIG. 18 illustrates a block diagram of a transceiver implementation 

according to an embodiment of the present invention. 

[0040] FIG. 19 illustrates an example scenario related to an example real-time 

wireless exchange of objects application of the invention. 

[0041] FIG. 20 is an example operational diagram related to the example real- 

time wireless exchange of objects application of the invention of FIG. 19. 

[0042] FIG. 21 is a more specific example scenario and block diagram of the 

example real-time wireless exchange of objects application of the invention. 

[0043] FIGS. 22 and 23 are example event diagrams relating to the example 

real-time wireless exchange of objects application of the invention. 
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[0044] FIG. 24 is an example interrogator operational diagram relating to the 

real-time wireless exchange of objects application of the invention. 
[0045] FIG. 25 is an example source (respondent) operational diagram relating 

to the real-time wireless exchange of objects application of the invention. 
[0046] FIG. 26 is an example operational diagram depicting the interaction 

with a user relating to the real-time wireless exchange of objects application of 

the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Introduction 

[0047] The present invention is directed to the down-conversion and up- 

conversion of an electromagnetic signal using a universal frequency 
translation (UFT) module, transforms for same, and applications thereof The 
systems described herein each may include one or more receivers, 
transmitters, and transceivers. According to embodiments of the invention, at 
least some of these receivers, transmitters, and transceivers are implemented 
using universal frequency translation (UFT) modules. The UFT modules 
perform frequency translation operations. Embodiments of the present 
invention incorporating various applications of the UFT module are described 
below. 

[0048] Systems that transmit and receive EM signals using UFT modules 

exhibit multiple advantages. These advantages include, but are not limited to, 
lower power consumption, longer power source life, fewer parts, lower cost, 
less tuning, and more effective signal transmission and reception. These 
systems can receive and transmit signals across a broad frequency range. The 
structure and operation of embodiments of the UFT module, and various 
applications of the same are described in detail in the following sections, and 
in the referenced documents. 
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Universal Frequency Translation 

[0049] The present invention is related to frequency translation, and 

applications of same. Such applications include, but are not limited to, 
frequency down-conversion, frequency up-conversion, enhanced signal 
reception, unified down-conversion and filtering, and combinations and 
applications of same. 

[0050] FIG. 1 A illustrates a universal frequency translation (UFT) module 102 

according to embodiments of the invention. (The UFT module is also 
sometimes called a universal frequency translator, or a universal translator.) 

[0051] As indicated by the example of FIG. lA, some embodiments of the 

UFT module 102 include three ports (nodes), designated in FIG. 1 A as Port 1, 
Port 2, and Port 3. Other UFT embodiments include other than three ports. 

[0052] Generally, the UFT module 102 (perhaps in combination with other 

components) operates to generate an output signal from an input signal, where 
the frequency of the output signal differs from the frequency of the input 
signal. In other words, the UFT module 102 (and perhaps other components) 
operates to generate the output signal from the input signal by translating the 
frequency (and perhaps other characteristics) of the input signal to the 
frequency (and perhaps other characteristics) of the output signal. 

[0053] An example embodiment of the UFT module 103 is generally 

illustrated in FIG. IB. Generally, the UFT module 103 includes a switch 106 
controlled by a control signal 108. The switch 106 is said to be a controlled 
switch. 

[0054] As noted above, some UFT embodiments include other than three 

ports. For example, and without limitation, FIG. 2 illustrates an example UFT 
module 202. The example UFT module 202 includes a diode 204 having two 
ports, designated as Port 1 and Port 2/3. This embodiment does not include a 
third port, as indicated by the dotted line around the "Port 3" label. 

[0055] The UFT module is a very powerful and flexible device. Its flexibility 

is illustrated, in part, by the wide range of applications in which it can be used. 
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Its power is illustrated, in part, by the usefulness and performance of such 
applications. 

[0056] For example, a UFT module 115 can be used in a universal frequency 

down-conversion (UFD) module 1 14, an example of which is shown in FIG. 
IC. In this capacity, the UFT module 115 frequency down-converts an input 
signal to an output signal. 

[0057] As another example, as shown in FIG. ID, a UFT module 117 can be 

used in a imiversal frequency up-conversion (UFU) module 116. In this 
capacity, the UFT module 117 frequency up-converts an input signal to an 
output signal. 

[0058] These and other applications of the UFT module are described below. 

Additional applications of the UFT module will be apparent to persons skilled 
in the relevant art(s) based on the teachings contained herein. In some 
applications, the UFT module is a required component. In other applications, 
the UFT module is an optional component. 

Frequency Down-conversion 

[0059] The present invention is directed to systems and methods of universal 

frequency down-conversion, and applications of same. 

[0060] In particular, the following discussion describes down-converting 

using a Universal Frequency Translation Module. The down-conversion of an 
EM signal by aliasing the EM signal at an aUasing rate is fiilly described in 
U.S. Patent No, 6,061,551 entitled "Method and System for Down-Converting 
Electromagnetic Signals," assigned to the assignee of the present invention, 
the full disclosure of which is incorporated herein by reference. A relevant 
portion of the above-mentioned patent is summarized below to describe down- 
converting an input signal to produce a down-converted signal that exists at a 
lower frequency or a baseband signal. The frequency translation aspects of 
the invention are fiirther described in other documents referenced above, such 
as Application Ser. No. 09/550,644, entitled "Method and System for Down- 
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converting an Electromagnetic Signal, and Transforms for Same, and Aperture 
Relationships." 

[0061] FIG. 3 A illustrates an aliasing module 300 for down-conversion using 

a universal frequency translation (UFT) module 302 which down-converts an 
EM input signal 304. In particular embodiments, aliasing module 300 
includes a switch 308 and a capacitor 310 (or integrator). (In embodiments, 
the UFT module is considered to include the switch and integrator.) The 
electronic alignment of the circuit components is flexible. That is, in one 
implementation, the switch 308 is in series with input signal 304 and capacitor 
310 is shunted to ground (although it may be other than ground in 
configurations such as differential mode). In a second implementation (see 
FIG. 3G), the capacitor 310 is in series with the input signal 304 and the 
switch 308 is shunted to ground (although it may be other than groimd in 
configurations such as differential mode). Aliasing module 300 with UFT 
module 302 can be tailored to down-convert a wide variety of electromagnetic 
signals using aliasing fi-equencies that are well below the fi-equencies of the 
EM input signal 304. 

[0062] In one implementation, aliasing module 300 down-converts the input 

signal 304 to an intermediate fi-equency (IF) signal. In another 
implementation, the aliasing module 300 down-converts the input signal 304 
to a demodulated baseband signal. In yet another implementation, the input 
signal 304 is a frequency modulated (FM) signal, and the aliasing module 300 
down-converts it to a non-FM signal, such as a phase modulated (PM) signal 
or an amplitude modulated (AM) signal. Each of the above implementations 
is described below. 

[0063] In an embodiment, the control signal 306 includes a train of pulses that 

repeat at an aliasing rate that is equal to, or less than, twice the fi-equency of 
the input signal 304. In this embodiment, the control signal 306 is referred to 
herein as an aliasing signal because it is below the Nyquist rate for the 
frequency of the input signal 304. Preferably, the frequency of control signal 
306 is much less than the input signal 304. 
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[0064] A train of pulses 318 as shown in FIG. 3D controls the switch 308 to 

alias the input signal 304 with the control signal 306 to generate a down- 
converted output signal 312. More specifically, in an embodiment, switch 308 
closes on a first edge of each pulse 320 of FIG. 3D and opens on a second 
edge of each pulse. When the switch 308 is closed, the input signal 304 is 
coupled to the capacitor 310, and charge is transferred firom the input signal to 
the capacitor 310. The charge stored during successive pulses forms down- 
converted output signal 312. 

[0065] Exemplary waveforms are shown in FIGs. 3B-3F. 

[0066] FIG. 3B illustrates an analog amplitude modulated (AM) carrier signal 

314 that is an example of input signal 304. For illustrative purposes, in FIG. 
3C, an analog AM carrier signal portion 316 illustrates a portion of the analog 
AM carrier signal 314 on an expanded time scale. The analog AM carrier 
signal portion 316 illustrates the analog AM carrier signal 314 firom time to to 
time ti. 

[0067] FIG. 3D illustrates an exemplary aliasing signal 318 that is an example 

of control signal 306. Aliasing signal 318 is on approximately the same time 
scale as the analog AM carrier signal portion 316. In the example shown in 
FIG. 3D, the aliasing signal 318 includes a train of pulses 320 having 
negligible apertures that tend towards zero (the invention is not limited to this 
embodiment, as discussed below). The pulse aperture may also be referred to 
as the pulse width as will be understood by those skilled in the art(s). The 
pulses 320 repeat at an aliasing rate, or pulse repetition rate of aliasing signal 
318. The aliasing rate is determined as described below, and fiirther described 
in U.S. Patent No. 6,061,551 entitled "Method and System for Down- 
Converting Electromagnetic Signals." 

[0068] As noted above, the train of pulses 320 (i.e., control signal 306) control 

the switch 308 to alias the analog AM carrier signal 316 (i.e., input signal 304) 
at the aliasing rate of the aliasing signal 318. Specifically, in this embodiment, 
the switch 308 closes on a first edge of each pulse and opens on a second edge 
of each pulse. When the switch 308 is closed, input signal 304 is coupled to 
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the capacitor 310, and charge is transferred from the input signal 304 to the 
capacitor 310. The charge transferred during a pulse is referred to herein as an 
under-sample. Exemplary under-samples 322 form down-converted signal 
portion 324 (FIG. 3E) that corresponds to the analog AM carrier signal portion 
316 (FIG. 3C) and the train of pulses 320 (FIG. 3D). The charge stored during 
successive under-samples of AM carrier signal 314 form the down-converted 
signal 324 (FIG. 3E) that is an example of down-converted output signal 312 
(FIG. 3A). In FIG. 3F, a demodulated baseband signal 326 represents the 
demodulated baseband signal 324 after filtering on a compressed time scale. 
As illustrated, down-converted signal 326 has substantially the same 
"amplitude envelope" as AM carrier signal 314. Therefore, FIGs. 3B-3F 
illustrate down-conversion of AM carrier signal 314. 

[0069] The waveforms shown in FIGs. 3B-3F are discussed herein for 

illustrative purposes only, and are not limiting. Additional exemplary time 
domain and frequency domain drawings, and exemplary methods and systems 
of the invention relating thereto, are disclosed in U.S. Patent No. 6,061,551 
entitled "Method and System for Down-Converting Electromagnetic Signals." 

[00701 The aliasing rate of control signal 306 determines whether the input 

signal 304 is down-converted to an IF signal, down-converted to a 
demodulated baseband signal, or down-converted from an FM signal to a PM 
or an AM signal. Generally, relationships between the input signal 304, the 
aliasing rate of the control signal 306, and the down-converted output signal 
312 are illustrated below: 

(Freq. of input signal 304) = n • (Freq. of control signal 306) ± 
(Freq. of down-converted output signal 312) 

[0071] For the examples contained herein, only the condition will be 

discussed. Example values of n include, but are not Umited to, n = {0.5, 1, 2, 
3, 4,...}. 
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[0072] When the aliasing rate of control signal 306 is off-set from the 

frequency of input signal 304, or off-set from a harmonic or sub-harmonic 
thereof, input signal 304 is down-converted to an IF signal. This is because 
the under-sampling pulses occur at different phases of subsequent cycles of 
input signal 304. As a result, the xmder-samples form a lower frequency 
oscillating pattern. If the input signal 304 includes lower frequency changes, 
such as amplitude, frequency, phase, etc., or any combination thereof, the 
charge stored during associated under-samples reflects the lower frequency 
changes, resulting in similar changes on the down-converted IF signal. For 
example, to down-convert a 901 MHZ input signal to a 1 MHZ IF signal, the 
frequency of the control signal 306 would be calculated as follows: 



(Freqinput - FreqiF)/n = Freqcontroi 
(901 MHZ - 1 MHZ)/n - 900/n 



[0073] For n = {0.5, 1, 2, 3, 4, . . .}, the frequency of the control signal 306 

would be substantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300 MHZ, 225 
MHZ, etc. 

[0074] Exemplary time domain and frequency domain drawings, illustrating 

down-conversion of analog and digital AM, PM and FM signals to IF signals, 
and exemplary methods and systems thereof, are disclosed in U.S. Patent No. 
6,061,551 entitled "Method and System for Down-Converting 
Electromagnetic Signals." 

[0075] Alternatively, when the aliasing rate of the control signal 306 is 

substantially equal to the frequency of the input signal 304, or substantially 
equal to a harmonic or sub-harmonic thereof, input signal 304 is directly 
down-converted to a demodulated baseband signal. This is because, without 
modulation, the under-sampling pulses occur at the same point of subsequent 
cycles of the input signal 304. As a result, the under-samples form a constant 
output baseband signal. If the input signal 304 includes lower frequency 
changes, such as amplitude, frequency, phase, etc., or any combination 
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thereof, the charge stored during associated under-samples reflects the lower 
frequency changes, resulting in similar changes on the demodulated baseband 
signal. For example, to directly down-convert a 900 MHZ input signal to a 
demodulated baseband signal (i.e., zero IF), the frequency of the control signal 
306 would be calculated as follows: 

(Freqinput - FreqiF)/n = Freqcontroi 
(900 MHZ - 0 MHZ)/n = 900 MHZ/n 

[0076] For n = {0.5, 1, 2, 3, 4, . . .}, the frequency of the control signal 306 

should be substantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300 MHZ, 
225 MHZ, etc. 

[0077] Exemplary time domain and frequency domain drawings, illustrating 

direct down-conversion of analog and digital AM and PM signals to 
demodulated baseband signals, and exemplary methods and systems thereof, 
are disclosed in U.S. Patent No. 6,061,551 entitled "Method and System for 
Down-Converting Electromagnetic Signals." 

[0078] Alternatively, to down-convert an input FM signal to a non-FM signal, 

a frequency within the FM bandwidth must be down-converted to baseband 
(i.e., zero IF). As an example, to down-convert a frequency shift keying 
(FSK) signal (a sub-set of FM) to a phase shift keying (PSK) signal (a subset 
of PM), the mid-point between a lower frequency Fi and an upper frequency 
F2 (that is, [(Fi + F2) ^ 2]) of the FSK signal is dovm-converted to zero EF. 
For example, to down-convert an FSK signal having Fi equal to 899 MHZ and 
F2 equal to 901 MHZ, to a PSK signal, the aliasing rate of the control signal 
306 would be calculated as follows: 

Frequency of the input = (Fi + F2) 2 

= (899 MHZ + 901 MHZ) - 2 
= 900 MHZ 
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[0079] Frequency of the down-converted signal = 0 (i.e., baseband) 

(Freqinput - FreqiF)/n = Freqcontroi 
(900 MHZ - 0 MHZ)/n = 900 MHZ/n 

[0080] For n = {0.5, 1, 2, 3, 4 . . .}, the frequency of the control signal 306 

should be substantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300 MHZ, 
225 MHZ, etc. The frequency of the down-converted PSK signal is 
substantially equal to one half the difference between the lower frequency Fi 
and the upper frequency F2. 

[0081] As another example, to down-convert a FSK signal to an amplitude 

shift kejdng (ASK) signal (a subset of AM), either the lower frequency Fi or 
the upper frequency F2 of the FSK signal is down-converted to zero IF. For 
example, to down-convert an FSK signal having Fi equal to 900 MHZ and F2 
equal to 901 MHZ, to an ASK signal, the aliasing rate of the control signal 
306 should be substantially equal to: 

(900 MHZ - 0 MHZ)/n = 900 MHZ/n, or 
(901 MHZ - 0 MHZ)/n = 901 MHZ/n. 

[0082] For the former case of 900 MHZ/n, and for n = {0.5, 1, 2, 3, 4, . . .}, 

the frequency of the control signal 306 should be substantially equal to 1.8 
GHz, 900 MHZ, 450 MHZ, 300 MHZ, 225 MHZ, etc. For the latter case of 
901 MHZ/n, and for n = {0.5, 1, 2, 3, 4, . . .}, the frequency of the control 
signal 306 should be substantially equal to 1.802 GHz, 901 MHZ, 450.5 MHZ, 
300.333 MHZ, 225.25 MHZ, etc. The frequency of the down-converted AM 
signal is substantially equal to the difference between the lower frequency Fi 
and the upper frequency F2 (i.e., 1 MHZ). 

[0083] Exemplary time domain and frequency domain drawings, illustrating 

down-conversion of FM signals to non-FM signals, and exemplary methods 
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and systems thereof, are disclosed in U.S. Patent No. 6,061,551 entitled 
"Method and System for Down-Converting Electromagnetic Signals." 

[0084] In an embodiment, the pulses of the control signal 306 have negligible 

apertxires that tend towards zero. This makes the UFT module 302 a high 
input impedance device. This configuration is useful for situations where 
minimal disturbance of the input signal may be desired. 

[0085] In another embodiment, the pulses of the control signal 306 have non- 

negligible apertures that tend away fi-om zero. This makes the UFT module 
302 a lower input impedance device. This allows the lower input impedance 
of the UFT module 302 to be substantially matched with a source impedance 
of the input signal 304. This also improves the energy transfer from the input 
signal 304 to the down-converted output signal 312, and hence the efficiency 
and signal to noise (s/n) ratio of UFT module 302. 

[0086] Exemplary systems and methods for generating and optimizing the 

control signal 306, and for otherwise improving energy transfer and s/n ratio, 
are disclosed in U.S. Patent No. 6,061,551 entitled "Method and System for 
Down-Converting Electromagnetic Signals." 

[0087] When the pulses of control signal 306 have non-negligible apertures, 

the aliasing module 300 is referred to interchangeably herein as an energy 
transfer module or a gated transfer module, and the control signal 306 is 
referred to as an energy transfer signal. In non-negligible aperture 
embodiments, when pulses cause switch 310 to close and sub-sample input 
signal 304 over the apertures or pulse widths, energy is transferred from input 
signal 304. The transferred energy is integrated using capacitor 310 during the 
apertures or pulse widths of the pulses. A frequency down-converted image, 
shown as down-converted output signal 312 in FIGS. 3 A and 3G, is thereby 
generated from the transferred energy. 

[0088] FIG. 3H shows a flowchart 350 providing steps for down-converting 

an input signal using non-neghgible apertures or pulse widths, according to an 
example embodiment of the present invention. Further structural and 
operational embodiments for performing down-conversion will be apparent to 
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persons skilled in the relevant art(s) based on the following description. These 
steps are described in detail below 

[0089] Flowchart 350 begins with step 352. In step 352, a control signal that 

includes pulses having apertures is received. For example, in an embodiment, 
the control signal is control signal 306, as shown in FIG. 3A. In an 
embodiment, control signal 306 includes a train of pulses, such as train of 
pulses 318 shown in FIG. 3C. Pulses 320 of train of pulses 318 preferably 
have a non-negligible pulse width or aperture. 

[0090] In step 354, an input signal is under-sampled according to the control 

signal. For example, in an embodiment, the input signal is input signal 304, 
shown in FIGS. 3A and 3G, which is under-sampled according to control 
signal 306. Input signal 304 can have a range of frequencies. For example, 
input signal 304 can be a radio frequency signal or an intermediate frequency 
signal, among other frequency signals. Preferably, the frequency of control 
signal 306 is much less than the input signal 304. 

[0091] In step 356, energy is transferred from the input signal diuing the 

apertures. For example, in an embodiment, charge is transferred from input 
signal 304 during pulses 320 of control signal 306, and is stored in a storage 
device, such as capacitor 310 shown in FIGS. 3 A and 3G. The amount of 
energy transfer from input signal 304 varies with the value of capacitor 310, 
the voltage of input signal 304, and with the aperture or pulse widths of pulses 
320. Greater energy transfer is possible with wider apertures or pulse widths, 
and/or with larger values for capacitor 310. Note that in an embodiment, the 
transfer of energy from input signal 304 substantially prevents accurate 
voltage reproduction of input signal 304 during pulses 320. 

[0092] In step 358, the transferred energy is integrated during the apertures. 

For example, in an embodiment, the energy transferred from input signal 304 
is integrated by capacitor 310. Note that the present invention can 
accommodate alternative integrator types. 

[0093] In step 360, a frequency down-converted image is generated from the 

transferred and integrated energy. For example, the frequency down- 
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converted image that is generated from the transferred and integrated energy is 
down-converted signal 312, shown in FIGS. 3 A and 3G. FIG. 3D shows 
down-converted signal portion 324, which is an example of down-converted 
signal 312, formed by imder-samples 322. 
[0094] Exemplary systems and methods for generating and optimizing the 

control signal 306 and for otherwise improving energy transfer and/or signal 
to noise ratio in an energy transfer module are described below. 

Optional Energy Transfer Signal Module 

[0095] FIG. 4 illustrates an energy transfer system 401 that includes an 

optional energy transfer signal module 408, which can perform any of a 
variety of functions or combinations of functions including, but not limited to, 
generating the energy transfer signal 406. 

[0096] In an embodiment, the optional energy transfer signal module 408 

includes an aperture generator, an example of which is illustrated in FIG. 5 as 
an aperture generator 502. The aperture generator 502 generates non- 
negligible aperture pulses 508 from an input signal 412. The input signal 412 
can be any type of periodic signal, including, but not limited to, a sinusoid, a 
square wave, a saw-tooth wave, etc. Systems for generating the input signal 
412 are described below. 

[0097] The width or aperture of the pulses 508 is determined by delay through 

the branch 506 of the aperture generator 502. Generally, as the desired pulse 
width increases, the difficulty in meeting the requirements of the aperture 
generator 502 decrease (i.e., the aperture generator is easier to implement). In 
other words, to generate non-negligible aperture pulses for a given EM input 
frequency, the components utilized in the example aperture generator 502 do 
not require reaction times as fast as those that are required in an under- 
sampling system operating with the same EM input frequency. 

[0098] The example logic and implementation shown in the aperture generator 

502 are provided for illustrative pmposes only, and are not limiting. The 
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actual logic employed can take many fomis. The example aperture generator 
502 includes an optional inverter 510, which is shown for polarity consistency 
with other examples provided herein. 

[0099] An example implementation of the aperture generator 502 is illustrated 

in FIG. 6A. Additional examples of aperture generation logic are provided in 
FIGs. 7A and 7B. FIG. 7A illustrates a rising edge pulse generator 702, which 
generates pulses 508 on rising edges of the input signal 412. FIG. 7B 
illustrates a falling edge pulse generator 704, which generates pulses 508 on 
falling edges of the input signal 412, 

[00100] In an embodiment, the input signal 412 is generated extemally of the 

energy transfer signal module 408, as illustrated in FIG. 4. Alternatively, the 
input signal 412 is generated intemally by the energy transfer signal module 
408. The input signal 412 can be generated by an oscillator, as illustrated in 
FIG. 6B by an oscillator 602. The oscillator 602 can be intemal to the energy 
transfer signal module 408 or external to the energy transfer signal module 
408. The oscillator 602 can be external to the energy transfer system 401. 
The output of the oscillator 602 may be any periodic waveform. 

[0100] The type of down-conversion performed by the energy transfer system 

401 depends upon the aliasing rate of the energy transfer signal 406, which is 
determined by the frequency of the pulses 508. The frequency of the pulses 
508 is determined by the frequency of the input signal 412. 

[0101] The optional energy transfer signal module 408 can be implemented in 

hardware, software, firmware, or any combination thereof. 

Impedance Matching 

[0102] The energy transfer module 300 described in reference to FIG. 3A, 

above, has input and output impedances generally defined by (1) the duty 
cycle of the switch module (i.e., UFT module 302), and (2) the impedance of 
the storage module (e.g., capacitor 310), at the frequencies of interest (e.g. at 
the EM input, and intermediate/baseband frequencies). 
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[0103] Starting with an aperture width of approximately Vi the period of the 

EM signal being down-converted as an example embodiment, this aperture 
width (e.g. the "closed time") can be decreased (or increased). As the 
aperture width is decreased, the characteristic impedance at the input and the 
output of the energy transfer module increases. Altematively, as the aperture 
width increases from Vz the period of the EM signal being down-converted, the 
impedance of the energy transfer module decreases. 

[0104] One of the steps in determining the characteristic input impedance of 

the energy transfer module could be to measure its value. In an embodiment, 
the energy transfer module's characteristic input impedance is 300 ohms. An 
impedance matching circuit can be utilized to efficiently couple an input EM 
signal that has a source impedance of, for example, 50 ohms, with the energy 
transfer module's impedance of, for example, 300 ohms. Matching these 
impedances can be accomplished in various manners, including providing the 
necessary impedance directly or the use of an impedance match circuit as 
described below. 

[0105] Referring to FIG. 8, a specific example embodiment using an RF 

signal as an input, assuming that the impedance 812 is a relatively low 
impedance of approximately 50 Ohms, for example, and the input impedance 
816 is approximately 300 Ohms, an initial configuration for the input 
impedance match module 806 can include an inductor 906 and a capacitor 
908, configured as shown in FIG. 9. The configuration of the inductor 906 
and the capacitor 908 is a possible configuration when going from a low 
impedance to a high impedance. Inductor 906 and the capacitor 908 constitute 
an L match, the calculation of the values which is well known to those skilled 
in the relevant arts. 

[0106] The output characteristic impedance can be impedance matched to take 

into consideration the desired output frequencies. One of the steps in 
determining the characteristic output impedance of the energy transfer module 
could be to measiure its value. Balancing the very low impedance of the 
storage module at the input EM frequency, the storage module should have an 
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impedance at the desired output frequencies that is preferably greater than or 
equal to the load that is intended to be driven (for example, in an embodiment, 
storage module impedance at a desired IMHz output frequency is 2K ohm and 
the desired load to be driven is 50 ohms). An additional benefit of impedance 
matching is that filtering of unwanted signals can also be accomplished with 
the same components. 
[0107] In an embodiment, the energy transfer module's characteristic output 

impedance is 2K ohms. An impedance matching circuit can be utilized to 
efficiently couple the down-converted signal with an output impedance of, for 
example, 2K ohms, to a load of, for example, 50 ohms. Matching these 
impedances can be accomplished in various manners, including providing the 
necessary load impedance directly or the use of an impedance match circuit as 
described below. 

[0108] When matching from a high impedance to a low impedance, a 

capacitor 914 and an inductor 916 can be configured as shown in FIG. 9. The 
capacitor 914 and the inductor 916 constitute an L match, the calculation of 
the component values being well known to those skilled in the relevant arts. 

[0109] The configuration of the input impedance match module 806 and the 

output impedance match module 808 are considered to be initial starting 
points for impedance matching, in accordance with embodiments of the 
present invention. In some situations, the initial designs may be suitable 
without further optimization. In other situations, the initial designs can be 
optimized in accordance with other various design criteria and considerations. 

[0110] As other optional optimizing structures and/or components are utilized, 

their affect on the characteristic impedance of the energy transfer module 
should be taken into account in the match along with their own original 
criteria. 
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Frequency Up-conversion 

[0111] The present invention is directed to systems and methods of frequency 

up-conversion, and applications of same. 

[0112] An example frequency up-conversion system 1000 is illustrated in 

FIG. 10. The frequency up-conversion system 1000 is now described. 

[0113] An input signal 1002 (designated as "Control Signal" in FIG. 10) is 

accepted by a switch module 1004. For purposes of example only, assume 
that the input signal 1002 is a FM input signal 1306, an example of which is 
shown in FIG. 13C. FM input signal 1306 may have been generated by 
modulating information signal 1302 onto oscillating signal 1304 (FIGs. 13A 
and 13B). It should be understood that the invention is not limited to this 
embodiment. The information signal 1302 can be analog, digital, or any 
combination thereof, and any modulation scheme can be used. 

[0114] The output of switch module 1004 is a harmonically rich signal 1006, 

shown for example in FIG. 1 3D as a harmonically rich signal 1308. The 
harmonically rich signal 1308 has a continuous and periodic waveform. 

[0115] FIG. 13E is an expanded view of two sections of harmonically rich 

signal 1308, section 1310 and section 1312. The harmonically rich signal 
1308 may be a rectangular wave, such as a square wave or a pulse (although, 
the invention is not limited to this embodiment). For ease of discussion, the 
term "rectangular waveform" is used to refer to waveforms that are 
substantially rectangular. In a similar manner, the term "square wave" refers 
to those waveforms that are substantially square and it is not the intent of the 
present invention that a perfect square wave be generated or needed. 

[0116] Harmonically rich signal 1308 is comprised of a plurality of sinusoidal 

waves whose frequencies are integer multiples of the fundamental frequency 
of the waveform of the harmonically rich signal 1308. These sinusoidal waves 
are referred to as the harmonics of the underlying waveform, and the 
fundamental frequency is referred to as the first harmonic. FIG. 13F and FIG. 
13G show separately the sinusoidal components making up the first, third, and 
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fifth harmonics of section 1310 and section 1312. (Note that in theory there 
may be an infinite number of harmonics; in this example, because 
harmonically rich signal 1308 is shown as a square wave, there are only odd 
harmonics). Three harmonics are shown simultaneously (but not summed) in 
FIG. 13H. 

[0117] The relative amplitudes of the harmonics are generally a function of 

the relative widths of the pulses of harmonically rich signal 1006 and the 
period of the fundamental frequency, and can be determined by doing a 
Fourier analysis of harmonically rich signal 1006. According to an 
embodiment of the invention, the input signal 1306 may be shaped to ensure 
that the amplitude of the desired harmonic is sufficient for its intended use 
(e.g., transmission). 

[0118] An optional filter 1008 filters out any undesired fi-equencies 

(harmonics), and outputs an electromagnetic (EM) signal at the desired 
harmonic frequency or firequencies as an output signal 1010, shown for 
example as a filtered output signal 1314 in FIG. 131. 

[0119] FIG. 11 illustrates an example xmiversal fi-equency up-conversion 

(UFU) module 1101. The UFU module 1101 includes an example switch 
module 1004, which comprises a bias signal 1102, a resistor or impedance 
1104, a universal frequency translator (UFT) 1150, and a ground 1108. The 
UFT 1150 includes a switch 1106. The input signal 1002 (designated as 
"Control Signal" in FIG. 11) controls the switch 1106 in the UFT 1150, and 
causes it to close and open. Harmonically rich signal 1006 is generated at a 
node 1105 located between the resistor or impedance 1104 and the switch 
1106. 

[0120] Also in FIG. 11, it can be seen that an example optional filter 1008 is 

comprised of a capacitor 1110 and an inductor 1112 shunted to a groimd 1114. 
The filter is designed to filter out the undesired harmonics of harmonically 
rich signal 1006. 

[0121] The invention is not limited to the UFU embodiment shown in FIG. 1 1 . 
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[0122] For example, in an alternate embodiment shown in FIG. 12, an 

unshaped input signal 1201 is routed to a pulse shaping module 1202. The 
pulse shaping module 1202 modifies the unshaped input signal 1201 to 
generate a (modified) input signal 1002 (designated as the "Control Signal" in 
FIG. 12). The input signal 1002 is routed to the switch module 1004, which 
operates in the manner described above. Also, the filter 1008 of FIG. 12 
operates in the manner described above. 

[0123] The purpose of the pulse shaping module 1202 is to define the pulse 

width of the input signal 1002. Recall that the input signal 1002 controls the 
opening and closing of the switch 1106 in switch module 1004. During such 
operation, the pulse width of the input signal 1002 establishes the pulse width 
of the harmonically rich signal 1006. As stated above, the relative amplitudes 
of the harmonics of the harmonically rich signal 1006 are a fiinction of at least 
the pulse width of the harmonically rich signal 1006. As such, the pulse width 
of the input signal 1002 contributes to setting the relative ampUtudes of the 
harmonics of harmonically rich signal 1006. 

[0124] Further details of up-conversion as described in this section are 

presented in U.S. Patent No. 6,091,940, entitled "Method and System for 
Frequency Up-Conversion," incorporated herein by reference in its entirety, as 
well as other applications cited above. 

Enhanced Signal Reception 

[0125] The present invention is directed to systems and methods of enhanced 

signal reception (ESR), and applications of same, which are described in the 
above-referenced U.S. Patent No. 6,061,555, entitled "Method and System for 
Ensuring Reception of a Commxmications Signal," incorporated herein by 
reference in its entirety. 
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Unified Down-conversion and Filtering 

[0126] The present invention is directed to systems and methods of unified 

down-conversion and fihering (UDF), and appUcations of same. 

[0127] In particular, the present invention includes a unified down-converting 

and filtering (UDF) module that performs fi*equency selectivity and fi-equency 
translation in a unified (i.e., integrated) manner. By operating in this manner, 
the invention achieves high fi-equency selectivity prior to fi"equency translation 
(the invention is not limited to this embodiment). The invention achieves high 
fi-equency selectivity at substantially any frequency, including but not limited 
to RF (radio frequency) and greater frequencies. It should be understood that 
the invention is not limited to this example of RF and greater frequencies. The 
invention is intended, adapted, and capable of working with lower than radio 
frequencies. 

[0128] FIG. 14 is a conceptual block diagram of a UDF module 1402 

according to an embodiment of the present invention. The UDF module 1402 
performs at least frequency translation and frequency selectivity. 

[0129] The effect achieved by the UDF module 1402 is to perform the 

frequency selectivity operation prior to the performance of the frequency 
translation operation. Thus, the UDF module 1402 effectively performs input 
filtering. 

[0130] According to embodiments of the present invention, such input 

filtering involves a relatively narrow bandwidth. For example, such input 
filtering may represent channel select filtering, where the filter bandwidth may 
be, for example, 50 KHz to 150 KHz. It should be understood, however, that 
the invention is not limited to these frequencies. The invention is intended, 
adapted, and capable of achieving filter bandwidths of less than and greater 
than these values. 

[0131] In embodiments of the invention, input signals 1404 received by the 

UDF module 1402 are at radio frequencies. The UDF module 1402 
effectively operates to input filter these RF input signals 1404. Specifically, in 
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these embodiments, the UDF module 1402 effectively perfomis input, channel 
select filtering of the RF input signal 1404. Accordingly, the invention 
achieves high selectivity at high frequencies. 
[0132] The UDF module 1402 effectively performs various types of filtering, 

including but not limited to bandpass filtering, low pass filtering, high pass 
filtering, notch filtering, all pass filtering, band stop filtering, etc., and 
combinations thereof. 

[0133] Conceptually, the UDF module 1402 includes a fi-equency translator 

1408. The frequency translator 1408 conceptually represents that portion of 
the UDF module 1402 that performs fi-equency translation (down conversion). 

[0134] The UDF module 1402 also conceptually includes an apparent input 

filter 1406 (also sometimes called an input filtering emulator). Conceptually, 
the apparent input filter 1406 represents that portion of the UDF module 1402 
that performs input filtering. 

[0135] In practice, the input filtering operation performed by the UDF module 

1402 is integrated with the fi*equency translation operation. The input filtering 
operation can be viewed as being performed concurrently with the frequency 
translation operation. This is a reason why the input filter 1406 is herein 
referred to as an "apparent" input filter 1406. 

[0136] The UDF module 1402 of the present invention includes a number of 

advantages. For example, high selectivity at high frequencies is realizable 
using the UDF module 1402. This feature of the invention is evident by the 
high Q factors that are attainable. For example, and without limitation, the 
UDF module 1402 can be designed with a filter center fi'equency fc on the 
order of 900 MHZ, and a filter bandwidth on the order of 50 KHz. This 
represents a Q of 18,000 (Q is equal to the center frequency divided by the 
bandwidth). 

[0137] It should be understood that the invention is not limited to filters with 

high Q factors. The filters contemplated by the present invention may have 
lesser or greater Qs, depending on the application, design, and/or 
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implementation. Also, the scope of the invention includes filters where Q 
factor as discussed herein is not applicable. 

[0138] The invention exhibits additional advantages. For example, the 

filtering center fi-equency fc of the UDF module 1402 can be electrically 
adjusted, either statically or dynamically. 

[0139] Also, the UDF module 1402 can be designed to amplify input signals. 

[0140] Further, the UDF module 1402 can be implemented without large 

resistors, capacitors, or inductors. Also, the UDF module 1402 does not 
require that tight tolerances be maintained on the values of its individual 
components, i.e., its resistors, capacitors, inductors, etc. As a result, the 
architecture of the UDF module 1402 is friendly to integrated circuit design 
techniques and processes. 

[0141] The features and advantages exhibited by the UDF module 1402 are 

achieved at least in part by adopting a new technological paradigm with 
respect to firequency selectivity and translation. Specifically, according to the 
present invention, the UDF module 1402 performs the fi-equency selectivity 
operation and the firequency translation operation as a single, unified 
(integrated) operation. According to the invention, operations relating to 
fi-equency translation also contribute to the performance of fi-equency 
selectivity, and vice versa. 

[0142] According to embodiments of the present invention, the UDF module 

generates an output signal fi-om an input signal using samples/instances of the 
input signal and/or samples/instances of the output signal. 

[0143] More particularly, first, the input signal is under-sampled. This input 

sample includes information (such as amplitude, phase, etc.) representative of 
the input signal existing at the time the sample was taken. 

[0144] As described further below, the effect of repetitively performing this 

step is to translate the frequency (that is, down-convert) of the input signal to a 
desired lower frequency, such as an intermediate frequency (IF) or baseband. 

[0145] Next, the input sample is held (that is, delayed). 
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[0146] Then, one or more delayed input samples (some of which may have 

been scaled) are combined with one or more delayed instances of the output 
signal (some of which may have been scaled) to generate a current instance of 
the output signal. 

[0147] Thus, according to a preferred embodiment of the invention, the output 

signal is generated from prior samples/instances of the input signal and/or the 
output signal. (It is noted that, in some embodiments of the invention, current 
samples/instances of the input signal and/or the output signal may be used to 
generate current instances of the output signal.) By operating in this manner, 
the UDF module 1402 preferably performs input filtering and frequency 
down-conversion in a unified manner. 

[0148] Further details of imified down-conversion and filtering as described in 

this section are presented in U.S. Patent No. 6,049,706, entitled "Litegrated 
Frequency Translation And Selectivity," filed October 21, 1998, and 
incorporated herein by reference in its entirety. 

Example Embodiments of the Invention 

[0149] As noted above, the UFT module of the present invention is a very 

powerfiil and flexible device. Its flexibility is illustrated, in part, by the wide 
range of applications and combinations in which it can be used. Its power is 
illustrated, in part, by the usefiilness and performance of such applications and 
combinations. 

[0150] Such applications and combinations include, for example and without 

limitation, applications/combinations comprising and/or involving one or more 
of: (1) frequency translation; (2) frequency down-conversion; (3) frequency 
up-conversion; (4) receiving; (5) transmitting; (6) filtering; and/or (7) signal 
transmission and reception in environments containing potentially jamming 
signals. Example receiver and transmitter embodiments implemented using 
the UFT module of the present invention are set forth below. 
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Receiver Embodiments 

[0151] In embodiments, a receiver according to the invention includes an 

aliasing module for down-conversion that uses a universal frequency 
translation (UFT) module to down-convert an EM input signal. For example, 
in embodiments, the receiver includes the aliasing module 300 described 
above, in reference to FIG. 3 A or FIG. 3G. As described in more detail above, 
the aliasing module 300 may be used to down-convert an EM input signal to 
an intermediate frequency (IF) signal or a demodulated baseband signal. 

[0152] In alternate embodiments, the receiver may include the energy transfer 

system 401, including energy transfer module 404, described above, in 
reference to FIG. 4. As described in more detail above, the energy transfer 
system 401 may be used to down-convert an EM signal to an intermediate 
frequency (IF) signal or a demodulated baseband signal. As also described 
above, the energy transfer system 401 may include an optional energy transfer 
signal module 408, which can perform any of a variety of functions or 
combinations of functions including, but not limited to, generating the energy 
transfer signal 406 of various aperture widths. 

[0153] In ftirther embodiments of the present invention, the receiver may 

include the impedance matching circuits and/or techniques described in herein 
for optimizing the energy transfer system of the receiver. 

In-phase/Quadrature-phase (I/Q) Modulation Mode Receiver Embodiments 

[0154] FIG. 15 illustrates an exemplary I/Q modulation mode embodiment of 

a receiver 1502, according to an embodiment of the present invention. This 
I/Q modulation mode embodiment is described herein for purposes of 
illustration, and not limitation. Alternate I/Q modulation mode embodiments 
(including equivalents, extensions, variations, deviations, etc., of the 
embodiments described herein), as well as embodiments of other modulation 
modes, will be apparent to persons skilled in the relevant art(s) based on the 
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teachings contained herein. The invention is intended and adapted to include 

such alternate embodiments. 
[0155] Receiver 1502 comprises an I/Q modulation mode receiver 1538, a 

first optional amplifier 1516, a first optional filter 1518, a second optional 

amplifier 1520, and a second optional filter 1522. 
[0156] I/Q modulation mode receiver 1538 comprises an oscillator 1506, a 

first UFD module 1508, a second UFD module 1510, a first UFT module 

1512, a second UFT module 1514, and a phase shifter 1524. 
[0157] Oscillator 1506 provides an oscillating signal used by both first UFD 

module 1508 and second UFD module 1510 via the phase shifter 1524. 

Oscillator 1506 generates an 'T" oscillating signal 1526. 
[0158] "I" oscillating signal 1526 is input to first UFD module 1508. First 

UFD module 1508 comprises at least one UFT module 1512. First UFD 

module 1508 firequency down-converts and demodulates received signal 1504 

to down-converted "I" signal 1530 according to "I" oscillating signal 1526. 
[0159] Phase shifter 1524 receives "I" oscillating signal 1526, and outputs "Q" 

oscillating signal 1528, which is a replica of "I" oscillating signal 1526 shifted 

preferably by 90 degrees. 
[0160] Second UFD module 1510 inputs "Q" oscillating signal 1528. Second 

UFD module 1510 comprises at least one UFT module 1514. Second UFD 

module 1510 frequency down-converts and demodulates received signal 1504 

to down-converted "Q" signal 1532 according to "Q" oscillating signal 1528. 
[0161] Down-converted "I" signal 1530 is optionally amplified by first 

optional amplifier 1516 and optionally filtered by first optional filter 1518, and 

a first information output signal 1534 is output. 
[0162] Down-converted "Q" signal 1532 is optionally ampUfied by second 

optional amplifier 1520 and optionally filtered by second optional filter 1522, 

and a second information output signal 1536 is output. 
[0163] In the embodiment depicted in FIG. 15, first information output signal 

1534 and second information output signal 1536 comprise a down-converted 

baseband signal. In embodiments, first information output signal 1534 and 
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second information output signal 1536 are individually received and processed 
by related system components. Altematively, first information output signal 
1534 and second information output signal 1536 are recombined into a single 
signal before being received and processed by related system components. 
[0164] Altemate configurations for VQ modulation mode receiver 1538 will 

be apparent to persons skilled in the relevant art(s) from the teachings herein. 
For instance, an altemate embodiment exists wherein phase shifter 1524 is 
coupled between received signal 1504 and UFD module 1510, instead of the 
configuration described above. This and other such I/Q modulation mode 
receiver embodiments will be apparent to persons skilled in the relevant art(s) 
based upon the teachings herein, and are within the scope of the present 
invention. 

Other Receiver Embodiments 

[0165] The receiver embodiments described above are provided for purposes 

of illustration. These embodiments are not intended to limit the invention. 
Altemate embodiments, differing slightly or substantially fi-om those 
described herein, will be apparent to persons skilled in the relevant art(s) 
based on the teachings contained herein. Such altemate embodiments include, 
but are not limited to, down-converting different combinations of modulation 
techniques in an "I/Q" mode. Other embodiments include those shown in the 
docimients referenced above, including but not limited to U.S. Patent 
Application Ser. Nos. 09/525,615 and 09/550,644. Such altemate 
embodiments fall within the scope and spirit of the present invention. 

[0166] For example, other receiver embodiments may down-convert signals 

that have been modulated with other modulation techniques. These would be 
apparent to one skilled in the relevant art(s) based on the teachings disclosed 
herein, and include, but are not limited to, amplitude modulation (AM), 
fi*equency modulation (FM), pulse width modulation, quadrature amplitude 
modulation (QAM), quadrature phase-shifl keying (QPSK), time division 
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multiple access (TDMA), frequency division multiple access (FDMA), code 
division multiple access (CDMA), down-converting a signal with two forms 
of modulation embedded thereon, and combinations thereof. 

Transmitter Embodiments 

[0167] The following discussion describes frequency up-converting signals 

transmitted according to the present invention, using a Universal Frequency 
Up-conversion Module. Frequency up-conversion of an EM signal is 
described above, and is more fully described in U.S. Patent No. 6,091,940 
entitled "Method and System for Frequency Up-Conversion," filed October 
21, 1998 and issued July 18, 2000, referenced above, as well as in the other 
documents referenced above (see, for example, U.S. Patent Application Ser. 
No. 09/525,615). 

[0168] Exemplary embodiments of a transmitter according to the invention are 

described below. Alternate embodiments (including equivalents, extensions, 
variations, deviations, etc., of the embodiments described herein) will be 
apparent to persons skilled in the relevant art(s) based on the teachings 
contained herein. The invention is intended and adapted to include such 
altemate embodiments. 

[0169] In embodiments, the transmitter includes a universal frquency up- 

conversion (UFU) module for frequency up-converting an input signal. For 
example, in embodiments, the system transmitter includes the UFU module 
1000, the UFU module 1 101, or the UFU module 1290 as described, above, in 
reference to FIGs. 10, 11 and 12, respectively. In further embodiments, the 
UFU module is used to both modulate and up-convert an input signal. 

In-phase/Quadrature-phase (I/Q) Modulation Mode Transmitter Embodiments 

[0170] In FIG. 16, an I/Q modulation mode transmitter embodiment is 

presented. In this embodiment, two information signals are accepted. An in- 



Ref, No.: 1744.1430001 



-31 - 



phase signal ("I") is modulated such that its phase varies as a function of one 
of the information signals, and a quadrature-phase signal ("Q") is modulated 
such that its phase varies as a function of the other information signal. The 
two modulated signals are combined to form an "I/Q" modulated signal and 
transmitted. In this manner, for instance, two separate information signals 
could be transmitted in a single signal simultaneously. Other uses for this type 
of modulation would be apparent to persons skilled in the relevant art(s). 

[0171] FIG. 16 illustrates an exemplary block diagram of a transmitter 1602 in 

an I/Q modulation mode. In FIG. 16, a baseband signal comprises two 
signals, first information signal 1612 and second information signal 1614. 
Transmitter 1602 comprises an I/Q transmitter 1604 and an optional amplifier 
1606. I/Q transmitter 1604 comprises at least one UFT module 1610. I/Q 
transmitter 1604 provides I/Q modulation to first information signal 1612 and 
second information signal 1614, outputting I/Q output signal 1616. Optional 
amplifier 1606 optionally amplifies I/Q output signal 1616, outputting up- 
converted signal 1618. 

[0172] FIG. 17 illustrates a more detailed circuit block diagram for I/Q 

transmitter 1604. I/Q transmitter 1604 is described herein for purposes of 
illustration, and not limitation. Alternate embodiments (including equivalents, 
extensions, variations, deviations, etc., of the embodiments described herein) 
will be apparent to persons skilled in the relevant art(s) based on the teachings 
contained herein. The invention is intended and adapted to include such 
altemate embodiments. 

[0173] I/Q transmitter 1604 comprises an oscillator 1706, a phase shifter 

1708, a summer 1710, a first switch module 1702, a second switch module 
1704, a first phase modulator 1728, and a second phase modulator 1730. 

[0174] Oscillator 1706 generates an "I"-oscillating signal 1716. 

[0175] A first information signal 1612 is input to first phase modulator 1728. 

The "I"-oscillating signal 1716 is modulated by first information signal 1612 
in the first phase modulator 1728, thereby producing an "I"-modulated signal 
1720. 



Ref.No.: 1744.1430001 



-32- 



[0176] First switch module 1702 inputs "r'-modulated signal 1720, and 

generates a harmonically rich "I" signal 1724 with a continuous and periodic 
wave form. 

[0177] The phase of "I"-oscillating signal 1716 is shifted by phase shifter 

1708 to create "Q"-oscillating signal 1718. Phase shifter 1708 preferably 
shifts the phase of "I"-oscillating signal 1716 by 90 degrees. 

[0178] A second information signal 1614 is input to second phase modulator 

1730. "Q"-oscillating signal 1718 is modulated by second information signal 
1614 in second phase modulator 1730, thereby producing a "Q" modulated 
signal 1722. 

[0179] Second switch module 1704 inputs "Q" modulated signal 1722, and 

generates a harmonically rich "Q" signal 1726, with a continuous and periodic 
waveform. 

[0180] Harmonically rich "I" signal 1724 and harmonically rich "Q" signal 

1726 are preferably rectangular waves, such as square waves or pulses 
(although the invention is not limited to this embodiment), and are comprised 
of pluralities of sinusoidal waves whose frequencies are integer multiples of 
the fimdamental frequency of the waveforms. These sinusoidal waves are 
referred to as the harmonics of the underlying waveforms, and a Fourier 
analysis will determine the amplitude of each harmonic. 

[0181] Harmonically rich "I" signal 1724 and harmonically rich "Q" signal 

1726 are combined by summer 1710 to create harmonically rich "I/Q" signal 
1734. Simmiers are well known to persons skilled in the relevant art(s). 

[0182] Optional filter 1732 filters out the undesired harmonic frequencies, and 

outputs an I/Q output signal 1616 at the desired harmonic frequency or 
frequencies. 

[0183] It will be apparent to persons skilled in the relevant art(s) that an 

alternative embodiment exists wherein the harmonically rich "I" signal 1724 
and the harmonically rich "Q" signal 1726 may be filtered before they are 
summed, and further, another altemative embodiment exists wherein "I"- 
modulated signal 1720 and "Q"-modulated signal 1722 may be summed to 
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create an "I/Q"-mociulated signal before being routed to a switch module. 
Other "I/Q"-modulation embodiments will be apparent to persons skilled in 
the relevant art(s) based upon the teachings herein, and are within the scope of 
the present invention. Further details pertaining to an J/Q modulation mode 
transmitter are provided in co-pending U.S. Patent No. 6,091,940 entitled 
"Method and System for Frequency Up-Conversion," filed October 21, 1998 
and issued July 18, 2000, which is incorporated herein by reference in its 
entirety. 

Other Transmitter Embodiments 

10184] The transmitter embodiments described above are provided for 

purposes of illustration. These embodiments are not intended to limit the 
invention. Alternate embodiments, differing slightly or substantially from 
those described herein, will be apparent to persons skilled in the relevant art(s) 
based on the teachings contained herein. Such alternate embodiments include, 
but are not limited to, combinations of modulation techniques in an "I/Q" 
mode. Such embodiments also include those described in the docimients 
referenced above, such as U.S. Patent Application Ser. Nos. 09/525,615 and 
09/550,644. Such alternate embodiments fall within the scope and spirit of the 
present invention. 

[0185] For example, other transmitter embodiments may utilize other 

modulation techniques. These would be apparent to one skilled in the relevant 
art(s) based on the teachings disclosed herein, and include, but are not limited 
to, amplitude modulation (AM), frequency modulation (FM), pulse width 
modulation, quadrature amplitude modulation (QAM), quadrature phase-shift 
keying (QPSK), time division multiple access (TDMA), frequency division 
multiple access (FDMA), code division multiple access (CDMA), embedding 
two forms of modulation onto a signal for up-conversion, etc., and 
combinations thereof. 
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Transceiver Embodiments 

[0186] As discussed above, embodiments of the invention include a 

transceiver unit, rather than a separate receiver and transmitter. Furthermore, 
the invention is directed to any of the apphcations described herein in 
combination with any of the transceiver embodiments described herein. 

[0187] An exemplary embodiment of a transceiver system 1800 of the present 

invention is illustrated in FIG. 18. 

[0188] Transceiver 1802 frequency down-converts first EM signal 1808 

received by antenna 1806, and outputs down-converted baseband signal 1812. 
Transceiver 1802 comprises at least one UFT module 1804 to perform, at 
least, frequency down-conversion operations. 

[0189] Transceiver 1802 inputs baseband signal 1814. Transceiver 1802 

frequency up-converts baseband signal 1814. UFT module 1804 performs, at 
least, frequency up-conversion operations. Accordingly, in some 
embodiments, UFT module 1804 performs both frequency down-conversion 
and up-conversion operations. In altemate embodiments, UFT module 1804 
only supports frequency down-conversion, and at least one additional UFT 
module provides for frequency up-conversion. The up-converted signal is 
output by transceiver 1802, and transmitted by antenna 1806 as second EM 
signal 1810. 

[0190] First and second EM signals 1 808 and 1810 may be of substantially the 

same frequency, or of different frequencies. First and second EM signals 1808 
and 1810 may have been modulated using the same technique, or may have 
been modulated by different techniques. 

[0191] Further example embodiments of receiver/transmitter systems 

applicable to the present invention may be foxmd in U.S. Patent No. 6,091,940 
entitled "Method and System for Frequency Up-Conversion," incorporated by 
reference in its entirety. 

[0192] These example embodiments and other altemate embodiments 

(including equivalents, extensions, variations, deviations, etc., of the example 
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embodiments described herein) will be apparent to persons skilled in the 
relevant art(s) based on the referenced teachings and the teachings contained 
herein, and are within the scope and spirit of the present invention. The 
invention is intended and adapted to include such alternate embodiments. 

Example Embodiment - Real-Time Wireless Exchange of Objects 

[0193] The invention is directed to a system, method, and computer program 

product (and combinations and sub-combinations thereof) for enabling on- 
demand, automatic or semi-automatic, real-time wireless exchange of objects. 
Preferably, such wireless functionality is achieved using one or more universal 
frequency translation modules for performing down-conversation and/or up- 
conversion operations, as described herein. 

[0194] FIG. 19 illustrates an example scenario 1902 according to an 

embodiment of the invention. The scenario 1902 includes an interrogator 
1904 and a source 1908 that exchange objects 1906. The objects 1906 may 
comprise content (such as multimedia), functionality (such as software), 
interface (such as skins), or any other type of information, as will be apparent 
to persons skilled in the relevant arts. 

[0195] The interrogator 1904 is an element that requests and receives objects 

1906 from sources, such as source 1908. The source 1908 is an element that 
stores and provides objects 1906 to interrogators, such as interrogator 1904. 
According to a preferred embodiment of the invention, the exchange of objects 
1906 is achieved in a wireless manner that is transparent to the user. 
Depending on the circumstance, a given element can be either an interrogator, 
a source, or both. In an embodiment, the interrogator 1904 and the source 
1908 each include a wireless access point 1910 and a controller 1912. 

[[ 0196 ] jToday's mobile world represents a practical and useful application of 

the invention. For example, the invention can be used in cars which exchange 
multimedia (music, video, etc.) and other information (maps, hotel and 
restaurant information, weather information, automobile software, etc.) as they 
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are positioned next to each other at gas stations, or pass each other on the 
highway. For example, some cars include features that are activated only 
through installation of software. In an embodiment of the invention, cars 
exchange such software (in the manner discussed herein), for the purpose of 
enabling such features. 

[0197] The invention can be used in PDAs (personal data assistants) which 

receive menus as their owners walk by restaurants, advertisements as their 
owners pass by stores, news updates as their owners enter the range of 
information portals, etc. 

[0198] It is noted that references to cars, gas stations, PDAs, etc., are made 

herein solely for illustrative purposes. Such references are not limiting. The 
invention is applicable to any mobile or stationary object or element having 
the features and fiinctionality described herein. 

[0199] In an embodiment, the invention essentially enables ad hoc computer 

networks, where such networks enable communication and interaction 
between one or more interrogators and one or more sources. As noted above, 
depending on the circumstances, a given element can be either an interrogator, 
a source, or both, and such designations can shift over time for a given 
element. 

[0200] The practical feasibility and usefiilness of the invention is a function of 

the specifications and capabilities of the wireless access points 1910 in the 
interrogators 1904 and sources 1908. In a preferred embodiment, the wireless 
access points 1910 (as well as the others described herein) are implemented 
using the receivers, transmitters, and transceivers described elsewhere herein. 

[0201] The operation of the interrogator 1904 and the source 1908 is 

represented by a flowchart 2002 shown in FIG. 20. Flowchart 2002 is 
provided to illustrate an example mode of operation of interrogator 1904 and 
source 1908, and is not limiting. 

[0202] In step 2004, a user sets preferences and/or defines a profile, or issues 

instructions to the interrogator 1904. Such preferences, profile, and/or 
instructions define the types of objects 1906 that the interrogator 1904 should 
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attempt to locate and download. Such preferences, profile, and/or instructions 
also define the types of objects 1906 that the user is willing to share, and the 
degree of sharing allowed (when the interrogator 1904 is operating as a 
source). 

[0203] In step 2006, the interrogator 1904 attempts to detect sources within 

range of interrogator 1904. The range of the interrogator 1904 is a function of 
the capabilities of the wireless access points 1910 of the interrogator 1904 and 
potential sources. Assume in this example that the interrogator 1904 detects 
source 1908. 

[0204] In step 2008, the interrogator 1904 interrogates the source 1908 

pursuant to the user's preferences, profile, and/or instructions (see step 2004). 
Such interrogation may be based on other factors, such as device defaults and 
compatibilities, existing device content/functionality/interface, etc. 

[0205] In step 2010, in response to the interrogation of step 208, the source 

1908 transmits objects 1906 to the interrogator 1904. The interrogator 1904 
receives these objects 1906. 

[0206] In step 2012, the interrogator 1904 presents the objects 1906 to the 

user in an implementation dependent manner. Such presentation may be based 
on a nimiber of factors, such as user preferences/profile, user instructions, 
device defaults, device content/functionality/interface, etc. 

[0207] In step 2014, the interrogator 1904 provides objects to devices which 

request them, such as source 1908. In other words, the steps of flowchart 
2002 are repeated, but this time with the roles of the interrogator 1904 and the 
source 1908 reversed. 

[0208] The operation of the invention shall be further described with reference 

to FIG. 21 depicting an example involving a gas station 2110, a car A 2112 
and a car B 2114. The gas station 2110 is in communication (wireless or 
wired) with a content provider 2104, a functionality provider 2106, and an 
interface provider 2108, and receives objects therefi"om. The content provider 
2104 is any entity (such as a web site) that provides content. The functionality 
provider 2106 is any entity that provides functionality, such a computer 
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programs, modules, updates, patches, etc. The interface provider 2108 is any 
entity that provides interfaces or portions thereof, such as skins. 

[0209] In an embodiment, the gas station 2110, car A 2112, and car B 2114, 

each include a controller 2118 and a wireless access point 2120. 

[0210] Interaction between the gas station 2110 and car A 21 12 is shown, for 

example, in event diagram 2202 of FIG. 22. Such interaction is performed in 
a wireless manner via the wireless access points 2 120 A, 2120B. Such 
interaction is controlled by controllers 2118A, 2118B, which may be 
represented by hardware state machines or processors operating according to 
software, or a combination thereof. Such software, when stored in a computer 
readable medium, is called a computer program product, and forms a part of 
the invention. 

[0211] As represented by event 2204, car A 2112 sends a message ("What 

songs do you have?") to gas station 2110. 

[0212] In response, the gas station 2110 sends a list of songs to the car A 21 12 

(event 2206). Car A 21 12 processes the list of songs to determine ones that it 
desires. Such processing may be done by comparing the list of songs 2206 to 
the preferences and/or profile previously input by car A 21 12's user, as well as 
the songs already stored in car A 21 12. 

[0213] As represented by event 2208, the car A 2112 sends the message 

"Transmit songs A, B, and C" to gas station 2110. 

[0214] In response, gas station 2110 sends a message "Provide payment 

information" to car A 2112 (event 2210). In other words, the gas station 21 10 
requires that the car A 21 12 pay for the requested songs prior to their delivery. 
It is noted that this payment approach is based on content. That is, the 
payment amount is based on the content that is being requested. In other 
embodiments, the payment amoimt is based on other factors, such as 
connection time, processing time, the amount being shared by the interrogator, 
etc., or combinations thereof, 

[0215] As represented by event 2212, the car A 2112 sends appropriate 

payment information to the gas station 2110. 
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[0216] In response, gas station 2110 sends requested songs A, B, and C to car 

A 21 12 (event 2214). 

[0217] As represented by event 2216, car A 2112 sends the message "What 

slcins do you have?" to gas station 2110. 
[0218] In response, gas station sends a list of sldns to car A 2112 (event 

2218). 

[0219] After processing the list of skins 2218, car A 2112 sends a request 

"Transmit slcin D" to gas station 2110 (event 2220). 

[0220] In response, gas station 2110 sends skin D to car A 21 12 (event 2222). 

[0221] The invention shall be described in greater detail with respect to 

FIG. 23, which illustrates an example event diagram representing the 
interaction between car A 2112 and carB 2114 when exchanging objects 
1906. FIG. 23 is provided to illustrate an example mode of operation of car A 
2112 and car B 21 14 (where they have mixed roles as interrogator and source), 
and is not limiting. 

[0222] As represented by event 2304, car A 21 12 initiates the conmiunication 

with car B 21 14 by sending the message "Are you sharing?" to car B 21 14. In 
response, car B 2114 sends an affirmative reply to car A 2112 as represented 
by event 2306. 

[0223] Car A 21 12 sends a list of songs and skins to car B 21 14, and likewise 

car B 2114 sends a list of songs and skins to car A 2114 (events 2308 and 
2310). Car A 21 12 sends a request to transmit song 1 and skin 2 to car B 21 14 
(event 2312), which results in car B 21 14 sending requested song 1 and skin 2 
to car A 2 1 1 2 (event 2314). 

[0224] Similarly, car B 21 14 sends a request to car A 21 12 to transmit songs 3 

and 4, which results in car A 21 12 sending requested songs 3 and 4 to car B 
2114 (event 2318). 

[0225] Further operation of the interrogator 1904 shall now be described with 

reference to a flowchart 2402 and FIG. 24. For illustrative purposes, 
flowchart 2402 shall be described from the perspective of car A 2112 when 
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operating in accordance with event diagram 2202 (FIG. 22) or event diagram 
2302 (FIG. 23). 

[0226] In step 2406, car A 2112 determines whether it is in acquire mode. If 

it is, then step 2408 is performed, where car A 21 12 determines whether it has 
detected a source 1908. If it has, then step 2410 is performed. In the example 
of FIG. 22, car A 2112 detected the gas station 2110, whereas in the example 
of FIG. 23, car A 21 12 detected car B 21 14. It is noted that car A 21 12 could 
have detected these sources at any time when they were in range. For 
example, car A 2112 could have detected the gas station 2110 when it was 
being serviced, or when it was driving past on the road, or when it came 
within proximity of the gas station 2110 (wherein the extent of such proximity 
is defined by the capabilities of the wireless access points 2 120 A, 2120B of 
the gas station 2110 and car A 21 12). Car A 21 12 could have detected car B 
2 1 14 in a similar manner. For pxrrposes of illustration, assume that car A 21 12 
detected car B 21 14 in step 2408. 

[0227] In step 2410, car A 2112 handshakes with carB 2114. Such 

handshaking is performed to initiate communication between car A and car B, 
and its details are implementation dependent. 

[0228] In step 2412, car A 2112 (operating as the interrogator 1904) 

interrogates car B 21 14 (operating as the source 1908). An example of this is 
event 2308 in FIG. 23. 

[0229] In step 2414, car A 2112 receives information from carB 2114. This 

may be represented by the list of songs sent by car B 21 14 to car A 21 12 as 
represented by event 2310 in FIG. 23. 

[0230] In step 2416, car A 2112 evaluates the information received in 

step 2414 based on profile, preferences, instructions, local storage, etc. For 
example, car A 21 12 may compare the list of songs transmitted by car B 21 14 
in step 2414 to the songs already in its memory, and to songs that the user 
desires (such as jazz) to determine which songs it wishes to request from car B 
2114. 
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[0231] In step 2418, car A 2112 requests content, functionality, interface, or 

other objects 1906 from carB 2114. This is represented, for example, by 
event 2312 in FIG. 23. 

[0232] In step 2420, car A 21 12 provides payment information to car B 21 14, 

if requested by car B 21 14. 

[0233] In step 2422, car A 2112 receives and stores requested content, 

functionality, interface, or other objects 1906 received from car B 21 14. 

[0234] FIG. 25 illustrates a flowchart 2502 representing the operation of the 

source 1908 (also herein referred to as the respondent) according to an 
embodiment of the invention. With reference to the example scenario 2102 
shown in FIG. 21, the source 1908 could be represented by the gas station 
2110 or the car B 2114. For purposes of illustration, and not limitation, 
flowchart 2502 shall be described in the context of the gas station 2110, taking 
the role of the source 1908. 

[0235] In step 2506, gas station 2110 detects that car A 21 12 wishes to initiate 

a handshaking process to begin a conversation therebetween. 

[0236] In step 2508, the gas station 2110 determines whether it is currently 

sharing objects 1906 with other devices (i.e., is "share mode" enabled?). If 
not, control returns to step 2506. If share mode is enabled, then step 2510 is 
processed. 

[0237] In step 2510, gas station 2110 conducts a handshake procedure with 

car A 21 12 in order to establish a communication session with car A 21 12. 

[0238] In steps 2512 and 2514, gas station 2110 and car A 21 12 communicate 

with one another, whereby car A 2112 requests information and gas station 
2110 responds to such requests. This is represented, for example, by events 
2208, 2210, 2212, and 2214 shown in FIG. 22. 

[0239] In step 2516, after gas station 2110 has completed responding to 

requests of car A 2112, gas station 2110 determines whether or not it is 
enabled to acquire information from other devices, in this case car A 21 12. If 
it is enabled, then step 2518 is performed. 
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[0240] In steps 2518 and 2520, gas station 21 10 and car A 21 12 participate in 

a session similar to that described with respect to step 2512 and step 2514. 
However, in the case of steps 2518 and 2520, gas station 2110 acts as the 
interrogator 1904 and car A 2112 acts as the source 1908. Accordingly, as a 
result of the performance of steps 2518 and 2520, gas station 2110 requests 
and receives objects 1906 from car A 21 12. 

[0241] Referring again to FIG. 21, note that the invention includes a key chain 

2116 that must be in wireless communication with car A 21 12, in order for car 
A 2112 to operate. Such wireless communication is achieved via wireless 
access points 2120B, 2120D. Other similar security applications of the 
invention will be apparent to persons skilled in the art. 

[0242] Flowchart 2602 in FIG. 26 represents the operation of a device, such as 

gas station 2110, car A 21 12, and/or car B 2114, when interacting with a user. 
For purpose of illustration, and not limitation, flowchart 2602 shall now be 
described with reference to the operation of car A 2112 when interacting with 
a user. 

[0243] In step 2606, car A 2112 interacts with the user to set the user's 

preferences and/or the user's profile. In other words, the user defines at this 
point the type of objects 1906 that he wishes to receive, whether or not, and 
under what circvmistances and to what extent, car A 2112 should be in the 
acquire mode, whether or not, and under what circumstances and to what 
extent, car A 2112 should be in the share mode, etc. Also, in step 2606 the 
user defines how car A 2112 should process any objects 1906 received from 
sources 1908. For example, the user may specify that music files should be 
immediately added to the local directory and ready for play-back, software and 
skin files should not be executed without explicit instructions from the user, 
etc. 

[0244] At any time, car A 2112 may receive instmctions from the user 

modifying the preferences or profile, initiating acquisition, or changing the 
share or acquisition mode or level. This is represented by step 2608. 
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[0245] In step 2610, car A 2112 exchanges content, functionality, interface, 

etc. with other devices (such as gas station 2110, carB 2114, etc.) in the 

manner discussed above. 
[0246] In step 2612, car A 2112 provides such content, functionality, 

interface, to the user in accordance with the preferences, profile, and other 

user instructions received in steps 1206 and 1208. 

Other Embodiments 

[0247] The embodiments described above are provided for purposes of 

illustration. These embodiments are not intended to limit the invention. 
Alternate embodiments, differing slightly or substantially from those 
described herein, will be apparent to persons skilled in the relevant art(s) 
based on the teachings contained herein. Such alternate embodiments fall 
within the scope and spirit of the present invention. 

Conclusion 

[0248] While various embodiments of the present invention have been 

described above, it should be understood that they have been presented by way 
of example only, and not limitation. It will be apparent to persons skilled in 
the relevant art that various changes in form and detail can be made therein 
without departing from the spirit and scope of the invention. Thus, the breadth 
and scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. 
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